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© Phenylalanine derivative and proteinase inhibitor. 



© A phenylalanine derivative having the formula (I): 



H 



H 2 NCH 2 




CONHCHCON 



^R 2 



(I) 



CH. 



where R* and R a are independently hydrogen pro- 
vided that both R 1 and R 2 are nof hydrogen at the 
same time; 

C,-C alkyl which may be substituted with hydroxy, 
hydroxycarbonyl. C,-C 4 alkoxycarbonyl, C,-C« aikyl- 
mercapto, d-C 4 alkoxy, carbamoyl, sutfamoyi, 
pyridyl, or phenyl which may further be substituted 
with nitro, C-C. alkoxy, or halogen; 

C.-C. cydoalkyl which may be substituted with 
hydroxy, C,-C 4 alkoxy, hydroxylcarbonyl, C-C* al- 
koxycarbonyl, or d-C 4 alkyl; 

phenyl which may be substituted with halogen, 
nitro, trifluoromethyl, C,-C« alkoxy, C,-C 4 alkylmer- 
capto, C,-C 4 alkylcarbonyl, phenylcarbonyl, hydrox- 
ycarbonyl, C,-C 4 alkoxycarbonyl, carbamoyl, sul- 
famoyl, amidino, pyridylcarbonyl, or C,-C* alkyl 
which may further be substituted with C,-C 4 alkyl- 
carbonyl, hydroxycarbonyl, or C,-C 4 alkoxycar- 
bonyl; 

pyridyl which may be substituted with halogen or 
C,-C 4 alkoxy; 

pyrimidyt; 

N-benzylazacyclohexyl; and 

R 1 and R a may form with the nitrogen atom at- 



tached thereto a ring structure as morpholino; 
thiomorpholino; or piperidyl which may be substi- 
tuted with phenylcarbonyl, benzyl, or C,-C 4 alkyl; 

pyrrolidyl which may be substituted with hydrox- 
ycarbonyl or C,-C 4 alkoxycarbonyl; and 

piperidine substituted with C,-C« alkyl, phenyl d-C 4 
alkyl, phenylcarbonyl, or C,-C« alkoxycarbonyl; 

X is hydrogen; nitro; amino; or -02 wherein 2 is 
hydrogen; C,-C 4 alkyl; C 2 -C 4 alkenyl; benzyl which 
may be substituted with halogen, C,-C« alkyl, nitro, 
trifluoromethyl. hydroxycarbonyl, C,-C« alkoxycar- 
bonyl, or cyano; phenylcarbonylmethyl, pyridyl- 
methyl; phenyl which may be substituted with nitro 
or halogen; pyridyl or pyrimidyl which may be 
substituted with nitro; phenylsulfonyl which may be 
substituted with C,-C 4 alkyl; or benzyloxycarbonyl. 
which may be substituted with halogen; 

n is 4 to 10; and 

the mark * indicates that the configuration of the 
carbon may be either one of D-configuration, L- 
configuration and DL-configuration or a pharmaceu- 
tical acceptable salt thereof. 

This phenylalanine derivative is effective as a 
proteinase inhibitor. 
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PHENYLALANINE DERIVATIVE AND PROTEINASE INHIBITOR 



BACKGROUND OF THE INVENTION 

I. Field of the Invention 

The present invention relates to a novel 
phenylalanine derivative, more particularly to a 
phenylalanine derivative having a proteinase inhibi- 
tion activity or a pharmaceutical^ acceptable salt 
thereof. The present invention also relates to a 
proteinase inhibitor containing the phenylalanine 
derivative as the effective ingredient. 



2. Description of the Related Art 

It is well known in the art that various prot- 
inases are present in human organisms. Examples 
of such proteinases are plasmin, trypsin, kallikrein, 
urokinase, and the like. As is also known, when 
these proteinases are abnormally activated for 
some reason, various diseases are caused. For 
xample, . hemorrhagic diseases are caused when 
abnormally activated plasmin is present in a rela- 
tively large amount in the blood. Also, plasmin 
participates in inflammation and it is considered to 
cause inflammatory diseases. For this reason, a 
substance capable of exhibiting a proteinase inhibi- 
tion activity is useful as a clinical remedy or medi- 
cine, and various investigations in the prior art have 
been made for the development of such sub- 
stances. For example, antiplasmins are useful as 



hematostatic ag nts, antiinflammatory agents or an- 
tiallergic agents, antitrypsins are useful for the ther- 
apy of pancreatitis, antikallikreins are useful as 
therapeutical agents for inflammation, and an- 

5 tiurokinases are useful for the inhibition of hemor- 
rhagic symptoms in the thrombolytic therapeutical 
method with urokinase. Accordingly, developments 
of proteinase inhibitors having such activities have 
progressed in the prior art, but their proteinase 

10 inhibition activities are low and not satisfactory for 
practical application as medicines. Further, com- 
pounds having satisfactory inhibition activities 
against various proteinases have not been devel- 
oped. 

75 

SUMMARY OF THE INVENTION 

Accordingly, the objects of the present inven- 
20 tion are to eliminate the above-mentioned disad- 
vantages of the prior art and to provide a com- 
pound having a satisfactory inhibition activity in 
practical application but still having satisfactory in- 
hibition activities against various proteinases, and a 
25 proteinase inhibitor containing the compound as 
the effective ingredient. 

Other objects and advantages of the present 
invention will be apparent from the following de- 
scription. 

30 In accordance with the present invention, there 

is provided a phenylalanine derivative having the 
formula (I): 




where R 1 and R 2 are independently hydrogen pro- 
vided that both H x and R a are not hydrogen at the 
same time; 

C-Ci alky I which may be substituted with hydroxy, 
hydroxycarbonyl. C,-C« alkoxycarbonyl, C-C4 alkyl- 
mercapto, C,-C« alkoxy, carbamoyl, sulfamoyl, 



pyridyl, or phenyl which may further be substitut d 
50 with nitro, C,-C» alkoxy, or halogen; 

C.-C, cycloalkyl which may be substituted with 
hydroxy. C,-C* alkoxy, hydroxylcarbonyl, C,-C* al- 
koxycarbonyl, or C,-C 4 alkyl; 
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phenyl which may be^Kstituted with halogen, 
nitro, trifluoromethyl, C«-C 4 alkoxy, d-C 4 alkylmer- 
capto, C,-C« alkylcarbonyl, phenylcarbonyl, hydrox- 
ycarbonyl, C,-C 4 alkoxycarbonyl. carbamoyl, sul- 
famoyl, amidino, pyridylcarbonyl, or C,-C« aikyl 
which may further be substituted with CrC 4 alkyl- 
carbonyl, hydroxycarbonyl, or Ct-C 4 alkoxycar- 
bonyl; 

pyridyl which may be substituted with halogen or 
C,-C 4 alkoxy; 

pyrimidyl; 

N-benzylazacyclohexyl; and 

R 1 and R* may form with the nitrogen atom at- 
tached thereto a ring structure as morpholino; 
thiomorpholino; or piperadyl which may be substi- 
tuted with phenylcarbonyl, benzyl, or C,-C 4 alkyl; 

pyrrolidyl which may be substituted with hydrox- 
ycarbonyl or C,-C* alkoxycarbonyl; and 

pyperidine substituted with C.-C 4 alkyl, phenyl C,- 
C 4 alkyl, phenylcarbonyl, or C,-C 4 alkoxycarbonyl; 

X is hydrogen; nitro; amino; or -OZ wherein Z is 
hydrogen; C,-C 4 alkyl; Ca-C 4 alkenyl; benzyl which 
may be substituted with halogen, C1-C4 alkyl, nitro, 
trifluoromethyl, hydroxycarbonyl, C,-C 4 alkoxycar- 
bonyl, or cyano; phenylcarbonyimethyl, pyridyl- 
methyl; phenyl which may be substituted with nitro 
or halogen; pyridyl or pyrimidyl which may be 
substituted with nitro; phenylsulfonyl which may be 
substituted with C.-C 4 alkyl; or benzyloxycarbonyl 
which may be substituted with halogen; 

n is 4 to 10; and 

the mark * indicates that the configuration of the 
carbon may be either one of a [^-configuration, L- 
configuration and DL-configuration, or a pharma- 
ceutical acceptable salt thereof. Examples of such 
a salt may include inorganic acid salts such as 
hydrochloride, hydrobromide, hydroiodide, sulfate, 
nitrate, phosphate, etc.; organic salts such as ox- 
alate, succinate, glycolate, malate, citrate, maleate, 
lactate, benzenesulfonate, toluenesulfonate, 
methanesulfonate, etc. 




In accoWance with th present invention, there 
is also provided a proteinase inhibitor comprising 
the phenylalanin derivative of the above formula - 
(I) or a pharmaceutical^ acceptable salt thereof as 
5 the active ingredient. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



70 



Typical examples of the compound represent- 
ed by the above formula are listed in Table I. 

The compounds listed in the Table are mum- 
bered. respectively, and in the following descrip- 

15 tion, the individual compounds are designated in 
terms of said compound Nos. for the purpos of 
convenience. 

For the compounds indicated as (DL) in the 
chemical structure, this means that their carbons 

20 are mixtures of D-and L-forms; in the compounds 
indicated as (L), this means that their carbons are- 
L-form; and, in the compounds indicated as (D), 
this means that its carbon is D-form. The asymmet- 
ric carbon atoms in the phenylalanine skeleton 

25 having no indications are all L-forms. In the phys- 
ical properties shown in Table I, NMR represents a 
nuclear magnetic resonance spectrum indicated by 
a (i.e., delta) (ppm) representing the ch mical 
shifts. The determination was carried out by using 

30 as a solvent CDCI 3 (i.e., heavy chloroform), (CD»)- 
2SO (i.e., d«-di methyl sulfoxide), D 2 0 (i.e., heavy wa- 
ter), or CD 3 OD (i.e., heavy methanol) alone or in 
any mixture thereof, and by using as an internal 
standard TMS (i.e., tetramethylsilane). In th paren- 
ts thesis after the 5 number, the number of the hy- 
drogen atom and the symbols s, d. t, q, m, and 
broad, thereafter, denote singlet, doublet, triplet, 
quartet, multiplet, and broad absorbance, respec- 
tively. The absorbance based on the solvent is 

4o omitted from the Table. 

IR represents an infrared absorption spectrum 
in which a potassium bromide tablet is used in th 
determination unless otherwise noted. When a so- 
lution is used in the determination, the kind of 

45 solvent is listed in parenthesis. The number listed 
in the Table represents a wave number in units of 
cm^ 1 , and only the main absorption peaks are 
listed in the Table. 

MS represents a mass spectrum, and the re- 

50 suits are shown as M/e (i.e., the mass of the cation 
fragment divided by the charge) of the main peaks. 
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The compounds of the present invention can 
be synthesized by various combinations of the so- 
calied peptide synthesis methods, 

1) Mixed acid anhydride method [Ann, 
Chem., 572,] I90 (I95I) 

2) Acid chloride method [Biochemistry., 4, 
2219 (I960)] 



55 



3) Phosphazo method [Chem. Ber., 22, 2387 

(I960)] 

4) Dicyclohexylcarbodiimide method [J. Am. 
Chem. Soc., 77, 1067 (1955)] 

5) Activ ster m thod using, for example, 
N-hydroxysuccinimide [J. Am. Chem. Soc.. g&. 
3039 (1963)]. 
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It should be noted, ^Rver, that not alt of the 
compounds can be synthesized according to the 
methods as mentioned here, but that it is neces- 
sary to combine the above-mentioned methods ap- 
propriately for the respective compounds. Among 
these methods, typical examples of the reaction 
routes are shown below. 



Route A 





BocNHCHOCN 



® 



4N-HC1 / 




BocNH-Y-C0 2 C0 2 C 2 H 5 



BocNH-Y- 




® 



4N-HC1 / 

\ / 




-> H^-Y-CCNHCHCCN 

© 



^2 



For carrying out synthesis from © to (3) ,® aq 
is dissolved in an appropriate solvent such as THF, 
dimethylsulfoxide diethyl ether, dioxane, and the 
like, and an appropriate base such as triethylamine, 
pyridine, and the like, is added in an amount of I 
equivalent to 5 equivalents, preferably 2 to 3 equiv- 45 
alents relative to® . To this reaction mixture is 
added ethyl chlorocarbonate as such or as a solu- 



tion dissolved in the solvent used as the reaction 
solvent, at one time or in several divided portions. 
The temperature of the reaction mixture is main- 
tained at -I0°C to 30°C, preferably 5 to I0°C. The 
reaction time is from I hour to 50 hours, preferably 
from 5 to 20 hours. After a conventional post- 
treatment, 0.5 to 2 equivalents of 



HN 



ss 
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are added and the reaction ^^tried out at -I0 P C 
to 30°C, preferably 5 to 20°C. for I to 50 hours, 
preferably 5 to 20 hours. Th n, after a conventional 
post-treatment, (^) is obtained. 

The reaction from (3) to © may be carried 
out by allowing © to react with I to 10 equivalents, 
preferably 3 to 7 equivalents relative to © of 4N- 
HCI dioxane solution at room temperature. Then, 



after a convenWR post-tr atment, © is obtained. 
The reactions from © to ® can be carried out in 
the same way as from © to © , wh reby © can 
be obtained. 



Route B 




-X 



B ° cNHCHro 2 H 



® 



X *2 




-^BocNHCHOCN 



DCC 



CD 



4N-HC1 / 





For syntheses from® to (5) and from © to 
(§), there may be employed, for example, the 
methods as described in J. Am. Chem. Soc., 77 
I067 (I955). For the reactions from (5) to © and 
from (§) to (§) , the methods as described in route 45 
A may be used. 
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A >BocNHCB33N 



BcxaJHCHOON 



Pd 



NaH | ^ 
^BocNBCHOCN 



© 




H^Y-CONHCBQON 

© 

For syntheses from ® to©, there may be 
employed, for example, the methods as described 
in synthesis 685 (I976), J. Chem. Soc. Perkin Trans 
1490(1977). 

For synthesis from ® to® , ® is dissolved 
in an appropriate solvent such as DMF, DMSO, 
toluene, and the like, and NaH is added in an 
amount of I equivalent to 5 equivalents, preferably I 
equivalent to 2 equivalents relative to ® - To this 
reaction mixture is added a solution of R 5 -A dis- 
solved in the solvent used as the reaction solvent, 
and the reaction is carried out at room temperature 
from 2 hours to 50 hours, preferably from 4 to 6 
hours. Then, after a conventignal post-treatment, 
(§) is obtained. For synthesis® to® , the meth- 
ods from (S) to © in route A may be used. 



EXAMPLE? 

The present invention will now be further illus- 
trated by, but is by no means limited to, the 
following Examples. In the following, preparation of 
typical compounds is described by referring to 
specific examples. 
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Synthesis fif N-ftrans-4-aminomethvlcvclohe>:vlcar- 
bonvl>-L-ohenvlalanine 4-acetvfanilide (Compound 
No, 21 

N-(t-butyloxycarbonyl)-L-phenylalan!ne (I) (5.30 
g) was dissolved in dry tetrahydrofuran (80 ml), 
triethylamine (3 ml) was added to the resultant 
solution and ethyl chlorocarbonate (2.40 g) was 
added to the mixture under ice-cooling, followed by 
stirring for 30 minutes. To this solution was added 
4-acetylaniline (2.70 g) and the mixture was stirred 
at room temperature for 10 hours. To the reaction 
mixture was added ice-water (300 ml) and th 
precipitated crystalline substance was collected by 
filtration, thoroughly washed and dried to give 7.07 
g of N-(t-butyloxycarbonyl)-L-phenylalanine 4-ac- 
etylanilide (II). 

To the above compound (II) (2.29 g) was ad- 
ded under ice-cooling 4N-hydrogen 
chloride/dioxane solution (30 ml) and ice-cooling 
was removed, followed by stirring at room tempera- 
ture for 30 minutes. To this solution was added 
ether (300 ml) and the precipitated crystalline sub- 
stance was collected by filtration, washed with 
ether and dried under a reduced pressure to quan- 
titatively obtain L-phenylalanine 4-acetylanilide hy- 
drochloride (III). 



Example? I 
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On the other hand, trans-^^Pbutyloxycarbonyl) 
aminom thylcyclohexyicarboxylic acid (I.62 g) was 
dissolved in dry tetrahydrofuran (50 ml), 
triethylamine (0.96 ml) was added to the resultant 
solution and ethyl chiorocarbonate (0.76 g) was 
added under ice-cooling to the mixture, followed by 
stirring for 30 minutes. To this solution was added 
the hydrochloride salt (111) previously obtained and 
triethylamine (2 ml) was added to the mixture, 
followed by stirring at room temperature for 3 
hours. Ice-water (200 ml) was added to the reaction 
mixture and the precipitated crystalline substance 
was collected by filtration, thoroughly washed with 
water and dried to give 2.62 g of N-[trans-4-(t- 
butyloxyc»rt)onyl)am!nomethylcyclohexylcarbonyl]- 
L-phenylalanine 4*acetylanilide (IV). 

To the above compound (IV) (2.60 g) was 
added under ice-cooling 4N-hydrogen 
chloride/dioxane solution (25 mi) and the mixture 
was stirred at room temperature for 30 minutes. 
The mixture was concentrated under a reduced 
pressure, and the residue was dissolved in water 
(I00 ml) and sodium carbonate (I.05 g) was added 
to the resultant solution. The precipitated crystalline 
substance was collected by filtration, thoroughly 
washed with water and dried to obtain N-(trans-4- 
aminomethylcyclohexylcarbonyl)-L-phenylalanine 4- 
acetylanilide (V) (I.90 g). 



Example £ 

Synthesis gf N^trans-4>aminometHvlcvclohexvlcar- 
bonvlV4-benzvloxv-L-phenvlalanine ±££2iyJanHid2 

Trans-4-(t-butyloxycarbonyl)- 
aminomethylcyclohexylcarboxylic acid (I.4I g) was 
made into a mixed acid anhydride following a con- 
ventional method, and 4-benzyloxy-L- 
phenylalanine-4-acetylanilide hydrochloride pre- 
viously synthesized following a conventional meth- 
od was added thereto and the mixture was stirred 
with addition of triethylamine (I.7 ml) at room tem- 
perature for 3 hours. Then, post-treatment was 
carried out following the procedure as described in 
Example I to give N-[trans-4-(t-butyloxycart>onyl)- 
aminomethylcyclohexylcarbonyl}-4-benzyloxy-L- 
phenylalanine 4-acetylanilide (I) (2.46 g). 

The above compound (I) (2.40 g) was treated 
with 4N-hydrogen chloride/dioxane and, following 
the procedure of Example I, N-(trans-4- 
aminomethylcyclohexylcarbonyl)-4-benzyloxy-L- 
phenylalanine 4-acetylanilide (II) (I.50 g) was ob- 
tained. 



Example 3 



Synthesis 2l N^PBhs-4-aminomethvlcvciohexvlcar- 
bonvl)-4-hvdroxv-L-Phenvlalanine 4-aretYfr™»'fl9 : 
(Compound No. 4) 

5 Ethanol was added to the N-(trans-4- 

aminomethylcyclohexyl-carbonyl)-4-ben2yloxy-L- 
phenylalanine 4-acetylanilid pr pared in Example 
2 (I00 mg), palladium black (20 mg) and cyclohex- 
ene (2.5 ml) and the mixture was stirred under 

to reflux of ethanol for 30 minutes. The solid was 
collected by filtration, and concentrated to obtain 
N-(trans-4-aminomethylcyclohexylc»rbonyl)-4- 
hydroxy-L-phenyialanine 4-acetylanilide (79 mg). 

75 

Example 4 

Synthesis gf N-(tTans-4-aminomethvlcvclohexvlcar- 
bonvl>-4-(4-chlorobenzvloxv>-L-phenylalanine 4-ac- 
20 etvlanilide (Compound No. 51 

A mixture of N-(t-butyloxycarbonyl)-4- 
benzyloxy-L-phenylalanine 4-acetylanilide (I) (4.88 
g), palladium black (0.60 g), cyclohexene (15 ml) 

25 and ethanol (100 ml) was subjected to the reaction 
under reflux of ethanol for I hour. After cooling, th 
solid was filtered off and the filtrate was con- 
centrated to obtain N-(t-butyloxycarbonyl)-4- 
hydroxy-L-phenylalanine 4-acetylanilide (II) (3.90 

30 g). The compound (II) without purification was dis- 
solved in N,N-dimethytform amide (100 ml) and the 
solution was stirred with addition of sodium hydride 
t (60% content) (0.44 g) at room temperature for 30 
minutes. To this solution was added 4-chlorobenzyl 

ds chloride (1.61 g) and the reaction was carried out at 
room temperature for 10 hours. Ice-water (500 ml) 
was added to the reaction mixture, and the 
precipitated crystalline substance was collected by 
filtration, thoroughly washed with water and dried to 

40 obtain N-(t-butyioxycarbonyl)-4-(4-chloroben- 
zyloxy)-L-phenylaianine 4-acetylanilide (111) (3.65 g). 
The compound (III) was treated in a conventional 
manner to synthesize N-(trans-4-aminomethyl- 
cyclohexylcarbonyl)-4-(4-chlorobenzyloxy)-L- 

46 phenylalanine 4-acetylanilide (IV). 



ficarnpjftg 

so Synthesis of N-ftrans-4-aminomethvlcvclohexvlcar- 
bonvlV-4-methoxvL-phenvlalanine 4-acetvlanilide z 
(Compound No. 61 

N-(t-butoxyoxycarbonyl)-4-benzyloxy-L- 
55 phenylalanine 4-acetylanilide (0.49 g), palladium 
black (0.10 .g) and cycloh xene (4 ml) were reacted 
with thanol (20 ml) under reflux for I hour. After 
cooling, the solid was filtered off and the filtrate 
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was concentrated under FSSuced pressure to obtain 
N-(t-butyloxyrartx)nyl)-4-hydroxy-L-phenylalanine 
4-acetylaniiide (I) (0.39 g). The compound (I) was 
dissolved in dimethyiformamide (6 ml) and oily 
sodium hydride (0.04 g) was added to the resultant 5 
solution. Th mixture was stirred at room tempera- 
ture for 30 minutes. To this mixture was added a 
dimethyiformamide (2 ml) solution of methyl iodide 
(0.I5 g) and the reaction was carried out at room 
temperature for 6 hours. Ice-water was added to 10 
the reaction mixture, and the resultant oily sub- 
stance was extracted with ethyl acetate. After a 
conventional treatment, N-(t-butyloxycarbonyl)-4- 
methoxy-L-phenylalanine 4-acetylaniiide (II) (0.2I 
g) was obtained. N-(trans-4-arninomethyl cyclohex- 75 
ylcarbonyl>-4Hnethoxy-L-phenyialanine 4-ac- 
etylanilide (0.08 g) was obtained from the com- 
pound (II) (0.I9 g), following the procedure of Exam- 
ple I. 



Example 6 

Synthesis gf N-(4-aminomethvlbenzovlM-hvdroxv- 
L-phenvlalanine 4-irenzQyfonilid? (Qgmppgn^ 
JQ1 



20 



25 



N-(4-benzyloxycarbonylaminomethylbenzoyl)-4- 
benzyloxy-L-phenylalanine 4-benzoylanilide (I) - 
(0.20 g) was dissolved in 30% hydrobromic 30 
acid/acetic acid solution (I0 mi) and the solution 
was stirred at room temperature for 30 minutes. 
Excessive reagent was removed with ether by de- 
cantation, water was added to the residue and the 
mixture was made alkaline with sodium carbonate, 35 
followed by extraction with methylene chloride. Ac- 
cording to a conventional method, N*(4- 
aminomethylbenzoylH-hydroxy-L-phenylaianine 4- 
benzoylanilide (II) (0.II g) was obtained. 

40 



The residue was extracted with ethyl acetate. After 
a conventional post-treatment, N-(t-butyloxycar- 
bonylM-benzyloxy-L-ph nylalanin 3-pyridylamide 
(II) (I.OI g) was obtained. 

The compound (II) (0.90 g) was dissolved in 
dry l,4-dioxane (10 ml) and, to this solution, 4N 
hydrogen chloride/dioxane solution (25 ml) was ad- 
ded and, at room temperature, the mixture was 
stirred for I hour. The precipitated substance was 
collected by filtration and dried. This product was 
added to a mixed acid anhydride, which was pre- 
viously synthesized from 4-(t-butyloxycaibonyl)- 
aminomethyl cyclohexyl carboxylic acid (0.54 g), 
triethylamine (0.3I ml), and ethyl chlorocarbonate - 
(0.23 g). Furthermore, to this mixture were added 
triethylamine (0.62 ml) and N,N-dimethylfoimamide 
(5 ml) followed by stirring at room temperature for 
3 hours. To the reaction mixture was added ice- 
water (I00 ml) and the precipitated substance was 
collected by filtration. After thoroughly washing with 
water and drying, N-(trans-4-(t-butyloxycarbonyl)~ 
aminomethylcyclohexylcarbonyl-4-benzyloxy-L- 
phenylalanine 3-pyridylamide (III) (0.98 g) was ob- 
tained. 

The compound (III) (0.95 g) was dissolved in 
dry l,4-dioxane (10 ml) and, to this solution, 4N- 
hydrogen chloride/dioxane solution (20 ml) was ad- 
ded, followed by stirring at room temperature for 2 
hours. The precipitated substance was collected by 
filtration and dried to obtain N-(trans-4- 
aminomethylcyclohexylcarbonyl)-4-benzyloxy-L- 
phenylalanine 3-pyridylamide dihydrochloride (0.90 
9)- 



Example 8 

Synthesis gf N-ftrans-4-aminomethvlcvctohexvlcar- 
bonvl>-4-Dhenacvloxv-L-phenvlaian»ne cvclohex- 
Yfrmite hydrochloric?? (Compound 2& 



Example 7 

Synthesis Qf N-(trans-4-aminomethvlcvclohexvlcar- 
bonvlM-benzvloxv-L-ohenvlalanine 3-Pvridvlamide 
dihydrochloride (Compound No. 161 



45 



N-(t-butyloxycarbonyl)-4-benzyloxy-L- 
phenylalanine (I) (3.71 g) was dissolved in dry 
tetrahydrofuran (100 ml) and, under ice cooling, so 
triethylamine (1.5 ml) was added thereto. After stir- 
ring for 15 minutes, ethyl chlorocarbonate (1.10 g) 
was added, followed by stirring for 30 minutes. To 
this solution was added 3-aminopyridin (0.94 g) 
and the reaction was carried out at room tempera- 55 
ture for 7 hours. The solid was filtered off and the 
filtrate was concentrated under reduced pressure. 



A mixture of N-(t-butyloxycarbonyl)-4- 
benzyloxy-L-phenylalanine cyclohexylamide (0.68 
g) obtained in Example 4, palladium black (0.10 g), 
cyclohexene (4 ml), and ethanol (20 ml) was al- 
lowed to react under reflux of ethanol for one hour, 
while stirring. After cooling, the solid was filtered off 
and the filtrate was concentrated under reduced 
pressure to obtain N-(t-butyloxycarbonyl-4-hydroxy- 
L-phenylalanine cyclohexylamide (I) (0.54 g). The 
compound (I) (0.54 g) was dissolved; without pu- 
rification, in N,N-dimethylformamide (10 ml), fol- 
lowed by adding sodium hydride (0.06 g) thereto. 
The mixture was stirred at room temperature for 30 
minutes. To this solution was added a solution of 
phenacyl bromide (0.30 g) in N.N-dimethylfor- 
m amide (5 ml). The reaction was carried out at 
room temperature for 4 hours, followed by adding 
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ice-water thereto. The resuttil^Sly product was 
extracted with ethyl acetate. After a conventional 
post-treatm nt, N-(t-butyloxycaFbonyl)-4- 
phenacyloxy-L-ph nylalanine cyclohexylamide (II) - 
(0.6I g) was obtained. From the compound (II), N- 
(trans-4-aminomethylcyclohexylcarbonyl)-4- 
phenacyloxy-L-phenylalanine cyclohexylamide hy- 
drochloride (0.38 g) was obtained, following the 
procedure of Example 7. 



Example 9 

Synthesis N-(trans-4-aminomethvlcvclohexvtcar- 
bonvlM-nitro-D.L-Dhenvlalantne 4-benzovlanilide 
hydrochloride (Compound No. 3H r 

N-(t^utyloxycarbonyl)-4-^itro-drL- 
phenylalanine (0.95 g) and triethylamine (0.4 ml) 
were dissolved in dry tetrahydrofwran (15 ml), and 
ethylchlorocarbonate (0.33 g) was jidded under ice- 
cooling to the resultant solution, followed by stirring 
for 20 minutes. 4-benzoylaniline (G\6 g) was added 
to the solution and the mixture was further stirred 
at room temperature for 12 hours, According to a 
conventional post-treatment, t).98 g of N-(t-butylox- 
ycarbonyl)-4-nitro-D,L-phenylalanine 4-ben- 
zoylaniiide (I) was obtained. To the above com- 
pound (I) (0.37 g) was added 4N-hydrogen 
chloride/dioxane solution (1.5 ml) and the mixture 
was stirred at room temperature for I hour. The 
solid precipitated by addition of ethyl ether (10 ml) 
into this solution was collected by filtration to give 
0.33 g of 4-nitro-D.L-phenylalanine 4-benzoylanilide 
hydrochloride (II). Trans-4-(t-butyloxycarbonyl)- 
aminomethylcyclohexylcarboxylic acid (0.2 g) and 
triethylamine (0.2 ml) were dissolved in dry 
tetrahydrofuran (15 ml) and ethyl chlorocarbonate - 
(0.09 g) was added to the solution under ice- 
cooling, followed by stirring for 20 minutes. To this 
solution was added the above compound (II) (0.33 
g) and the mixture was stirred at room temperature 
for 12 hours. According to a conventional post- 
treatment, 0.29 g of N-[trans-4-(t-butyloxy car- 
bonyl)aminomethylcyclohexylcarbonyl]-4-n!tro-D,L- 
phenylalanine 4-benzoylanilide (III) was obtained. 
The above compound (111) (0.29 g) was dissolved in 
4N-hydrogen chloride/dioxane solution (I ml), the 
solution was stirred at room temperature for I hour 
and then ether (8 ml) was added. The crystalline 
substance precipitated was collected by filtration 
and subjected to a conventional post-treatment, 
whereby 0.24 g of N-(trans-4-aminomethyl- 
cyclohexylcarbonyl)-4-nitro-D,L-phenylalanine 4-be- 
nzoylanilide hydrochloride was obtained. 



Example 10 
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Synthesis gf N^Jfffe-4-aminomethvlcvclohexvlcar- 
bonvlV4-benzvloxv-L-Dhenvlalanine 4H?igAran^ 
m?tfiy>9Yg'9h9xyl?m:i^ hydrochloride (g v mp9un<? 
No. 34) 

5 

Triethylamin (I.5 ml) was added to a solution 
of N-(t-butyloxycarbonyl)-4-benzyloxy-L- 
phenylalanine (I) (2.0 g) dissolved in dry 
tetrahydrofuran (30 ml) and ethyl chlorocarbonate - 

w (0.65 g) was added under ice-cooling, followed by 
stirring for 30 minutes. 

To this solution was added 4-cis/trans-methyl- 
cyclohexylamine (0.43 g) and the mixture was 
stirred at room temperature for 10 hours. After 

75 evaporation of the solvent, the residue was ex- 
tracted with ethyl acetate washed with water and 
dried to give 2.3 g of N-(t-butyloxy carbon y I >-4- 
benzyloxy-L-phenylalanine 4-cis/trans-methyl- 
cyclohexylamide (II). 

20 To the above compound (II) (I.O g) was added 
under ice-cooling 4N-hydrogen chloride/dioxane - 
solution (4.5 ml) and the mixture was stirred at 
room temperature for 30 minutes. Hexane (30 ml) 
was added to this solution and the precipitated 

25 crystalline substance was collected by filtration, 
washed with ether and then dried under reduced 
pressure to give quantitatively 4-benzyloxy-L- 
phenylalanine 4-cts/trans-methylcyclohexylamide 
hydrochloride (III). On the other hand, triethylamine 

30 (0.6 ml) was added to a solution of trans-4-(t- 
butyloxycarbonyl)aminomethylcyclohexylcarboxylic 
acid (0.62 g) dissolved in dry tetrahydrofuran (30 
ml) and ethyl chlorocarbonate (0.25 g) was added 
under ice-cooling, followed by stirring for 30 min- 

35 utes. To this solution were added the above com- 
pound (III) (0.73 g) and triethylamine (I ml), and the 
mixture was stirred at room temperature for 3 
hours. After evaporation of the solvent, the residue 
was extracted with ethyl acetate, washed with water 

40 and dried to give 02. g of N-[trans-4-(t-butyloxycar- 
bonyl)aminomethylcyclohexylcarbonyl]-4- 
benzyloxy-L-phenylalanine 4-cis/trans-methyl- 
cyclohexylamide (IV). To the above compound (IV) 
(0.2 g) was added under ice-cooling 4N-hydrogen 

45 chloride/dioxane solution (0.5 ml} and the mixture 
was stirred at room temperature for 30 minutes. 
Hexane (20 ml) was added to this solution and the 
precipitated crystalline substance was collected by 
filtration, washed with ether and then dried under a 

so reduced pressure to give 0.1 g of N-(trans-4- 
aminomethylcyclohexylcarbonyl)-4-benzyioxy-L- 
phenylalanine 4-cis/trans-methylcyclohexylamide 
hydrochloride. 

55 

Example II 
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N-(trans^aminome thvlcl WhexvlcarfaonvlV4-(3- 
ghlpr9t?engYlQXY)-l r -ph?nYlal?nin^ 4-acetvlanilide 
methane sulfonate (Compound No. 35) 

N-(t-butyloxycarbonyl)-4-(benzyloxy)-L- 
phenylalanin 4-acetylanilide (I.2 g), palladium 
black (0.I5 g) and cyclohexane (8 ml) were added 
into ethanol (40 ml) and the reaction was carried 
out under reflux of ethanol for I hour. After cooling, 
the mixture was filtered and a filtrate was con- 
centrated under a reduced pressure to obtain N-(t- 
butyloxycarbonyl)-4-hydroxy-L-phenylalanine 4-ac- 
etylanilide (I) (0.99 g). The above compound (I) - 
(0.99 g) was dissolved in dimethylformamide (30 
ml), added with oily sodium hydride (O.I g) and the 
mixture was stirred at room temperature for 30 
minutes. A solution of 3-chlorobenzylchloride (0.4 
g) in dimethylformamide (5 ml) was allowed to 
react at room temperature for 6 hours, and the 
reaction mixture was poured into ice-water (100 ml) 
and extracted with ethyl acetate. A conventional 
post-treatment was carried out to obtain N-(t- 
butyloxycarbonyl)-4-(3-chloroben2yloxy)-L- 
phenylalanine 4-acetylanilide (11) (L25 g). The above 
compound (II) (1.25 g) was allowed to react with 4N- 
hydrogen chloride/dioxane (12 ml) to obtain 4-(3- 
chlorobenzyloxy)-L-phenylalanine 4-acetylanilide - 

(III) . The above compound (til) was suspended in 
dimethylformamide (10 ml) -tetrahydrofuran (10 ml) 
dry solution, and triethylamine (0.4 ml) and trans-4- 
(t-butyloxycarbonyl)- 

aminomethylcyclohexylcarboxylic acid mixed acid 
anhydride were added under ice-cooling, followed 
by stirring for 30 minutes. Further, the reaction was 
carried out at room temperature for 3 hours. After a 
conventional post-treatment, N-[trans-4-(t-butylox- 
ycarbonyl)aminomethylcyclohexylcarbonylH-(3- 
chlorobenzyioxy)-L*phenylalanine 4-acetylanilide - 

(IV) (1.31 g) was obtained. The above compound - 
(IV) (1.31 g) was allowed to react with 4N-hydrogen 
chloride/dioxane solution (10 ml) for I hour, and the 
crystalline substance precipitated by addition of 
hexane was collected by filtration. This was dis- 
solved in water (100 ml) and the substance 
precipitated by addition of sodium carbonate was 
suspended in methanol (30 ml) - methylenechloride 
(30 ml) solution and methanesulfonic acid (0.13 g) 
was added to the suspension, followed by stirring 
at room temperature for I hour, to obtain a transpar- 
ent solution. After evaporation of the solvent under 
reduced pressure, recrystallization from ethanol- 
ether solution gave N-(trans-4-aminomethyl- 
cyclohexylcarbonyl)-4-(3-chloroben2yloxy)-L- 
phenylalanine 4-acetylanilidemethanesulfonate (I.I 
9). 
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Svnthesis^Wi-^trans-4-aminomethvlcvclohexvl car- 
bonviy-4-benzvloxv-L-PhenvlalaninB 4-sut- 
famovlanilide hydrochloride (Compound No. 47) 

5 Triethylamine (1.5 ml) was added to a solution 

of N-(t-butyIoxycarbony!)-4-b nzyloxy-L- 

phenylalanine (I) (2 g) dissolved in dry 
tetrahydrofuran (30 ml) and ethyl chlorocarbonate 
(0.65 g) was added under ice-cooling, followed by 

70 stirring for 30 minutes. To this solution was added 
4-suIfamoylahiline (0.65 g) and the mixture was 
stirred at room temperature for 10 hours. Post- 
treatment was carried out in the same manner as in 
Example I to give I.3 g of N-(t-butyloxycarbonylH- 

75 benzyloxy-L-phenylaianine 4-sulfamoylani!ide (I!). 
To the above compound (II) (0.5 g) was added 
under ice-cooling 4N-hydrogen chloride/dioxane 
solution (3 ml) and the mixture was stirred at room 
temperature for 30 minutes. Post-treatment con- 

zo ducted in the same manner as in Example I gave 
quantitatively 4-benzyloxy-L-phenylalanin© 4-sul— 
famoyianilide hydrochloride (III). On the other hand, 
trans-4-(t-butyloxycarbonyl)- 
aminomethylcyclohexylcarboxyiic acid (0.25 g) and 

25 triethylamine (0.2 ml) were added, and ethyl 
chlorocarbonate (0.I g) was added under ice-cool- 
ing, followed by stirring for 30 minutes. To this 
solution were added the above compound (III) (0.42 
g) and triethylamine (I ml), and the mixture was 

30 stirred at room temperature for 3 hours. After ex- 
traction with chloroform, according to the same 
post-treatment as in Example I, 0.28 g of N-[trans- 
4-(t-butyloxycarbonyl)- 

aminomethylcycIohexylcarbonylJ-4-benzyloxy-L- 
35 phenylalanine 4-sulfamoylanilide (IV) was ob- 
tained.To the above compound (IV) (0.28 g) was 
added 4N-hydrogen chloride/dioxane solution (2 
ml) and, after stirring at room temperature for 30 
minutes, following the same procedure as in Exam- 
40 pie I, 0.15 g of N-(trans-4-aminomethylcyclohexyl- 
carbonyl)-4-benzyloxy-L-phenylaIanine 4-sul- 
famoylanilide hydrochloride was obtained. 



45 Example 13 

Synthesis gf N-ftrans-4-aminomethvlcvclohexvlcar- 
bonvlM-benzvloxv-L-Dhenvlalanine 4-(2-chloroV- 
pyridvlamide hydrochloride (Compound No. 59) 

50 

N-(t-butyloxycarbonyl)-4-benzyloxy-L- 
phenylalanine (I) (4.46 g) was dissolved in dry 
tetrahydrofuran (NO ml) and triethylamine (I.80 ml) 
was added under ice-cooling, followed by stirring 
55 for 15 minutes. To this solution was added ethyl 
chlorocarbonate (I.44 g) and the mixture was stirred 
for 30 minutes. After adding 4-amino-2- 
chloropyridine (1.54 g), the reaction was carried out 
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at room temperature for 10 The solid was 

filtered off and the filtrate was concentrated under a 
reduced pressure. The residue was extracted with 
ethyl acetate.- The extract was purified with a col- 
umn chromatography to obtain N-(t-butyloxycar- 
bonyl)-4-benzyloxy-L-phenylalanine 4-(2-chloro)- 
pyridylarhid (II) (0.60 g). Following th procedur 
of Example 7, the final compound N-(trans-4- 
aminomethylcyclohexylcarbonyl)-4-benzyloxy-L- 
phenylalanine 4-(2-chloro)pyridylamide hydrochlo- 
ride (Ml) (0.67 g) was obtained from the compound 
(II). 



Example 14 

Synthesis Qf N-(trans-4-aminomethvlcvclohexvlcar- 
bonvlM-(4-toluenesulfonvloxvWL-phenvlalanine ft 
acetvlanilide hydrochloride (Compound No. 79) 

N-(t-butyloxycarbonyl)-4-hydroxy-L- 
phenylalanine 4-acetylanilide (0.57 g) and 
triethylamine (0.5 ml) were dissolved in dich- 
loromethane (10 ml) -tetrahydrofuran (10 ml) solution 
and >4-toluenesulfonyl chloride (0.38 g) was added, 
at room temperature, followed by stirring for 3 
hours. According to a conventional post-treatment. 
N-(t-butyl6xycarbonyl)-4-(4-toluenesuJfonyloxy)-L- 
phenyialanine 4-acetylanilide (I) (0.8 g) was ob- 
tained. The above compound (I) (0.8 g) was treated 
with 4N hydrogen chloride/dioxane solution (2.2 
ml) to obtain 4-(4-toluenesulfonyloxy)-L- 
phenylaianine 4-acetylanilide hydrochloride (II) (0.7 
g). On the other hand, trans-4-(t-butyloxycarbonyl)- 
aminomethylcyclohexylcarboxylic acid (0.37 g) and 
triethylamine (0.4 ml) were dissolved in dry 
tetrahydrofuran (20 ml) and ethyl chlorocarbonate - 
(0.K> g) was added under ice-cooling, followed by 
stirring for 20 minutes. To this solution was added 
the above compound (II) (0.7 g) and the mixture 
was stirred at room temperature for I2 hours. Ac- 
cording to a conventional post-treatment N-[trans-4- 
(t-butyloxycarbonyl)- 
aminomethylcyclohexylcarbonyl}-4-(4- 
toiuenesulfonyioxy)-L-phenylalanine 4-acetylanilide 
(III) (0.32 g) was obtained. The above compound - 
(III) (0.32 g) was treated with 4N-hydrogen 
chloride/dioxane solution (I ml) to obtain N-(trans-4- 
aminomethylcyclohexylcarbonyl)-4-(4- 
toluenesulfonyloxy)-L-phenylalanine 4-acetylanilide 
hydrochloride (0.2 g). 



Exjimplg j§ 



35 



N-(4-aminometH^Whzovlcarbonvl>-4-ben2vloxv-L- 
ohenvlalanine 3.4-dimethvlcvclohexvlamide hydro- 
chloride (Compound No. 80) 

5 N-(t-butyloxycarbonyl)-4-benzyloxy-L- 

phenylalanine (0.3 g) and 3,4-dimethylcyciohex- 
ylamin (0.1 g) wer dissolved in dry methylene 
chloride (30 ml) and l-ethyl-3-(3- 
dimethylaminopropyl)carbodiimide hydrochloride - 

70 (0.2 g) was added to the solution, followed by 
stirring at room temperature for 12 hours. According 
to a conventional post-treatment, N-(t-butyloxycar- 
bonylH-benzyloxy-L-phenylalanine 3.4-dimethyl- 
cyclohexytamide (I) (0.32 g) was obtained. The 

75 above compound (I) (0.3 g) was allowed to react 
with 4N-hydrogen chloride/dioxane solution to ob- 
tain 4-benzyioxy-L-phenylalanine 3,4-dimethyl- 
cyclohexylamide hydrochloride (II) (0.26 g). The 
above compound (II) (0.26 g) and 4-(t-butyloxycar- 

20 bonyl)aminomethylbenzoic acid (0.16 g) were dis- 
solved in dry methylene chloride (20 ml) -pyridine- 
solution, and t-ethyl-3-(3-dimethylaminopropyl)- 
carbodiimide hydrochloride (0.15 g) was added to 
the solution. The reaction was carried out at room 

25 temperature for 12 hours. After a conventional post- 
treatment, N-[4~(t-butyloxycarbonyl)- 
aminomethyfbenzoyl]-4-benzybxy-L-phenylalanine 
3,4-dimethylcyclohexylamide (III) (0.23 g) was ob- 
tained. The above compound (III) was allowed to 

30 react with 4N-hydrogen chloride/dioxane solution to 
(2 rhl) obtain N-(4-anriinomethylb8nzoyl)-4- 
benzyioxy-L-phenylalanine 3,4-dimethylcyclohex- 
ylamide hydrochloride (0.18 g). 



Example 16 



Synfrrei? 2l N-(trans-4-aminomethvlcvclohexvlcar- 
bonvl)-4-(4-nrtrophenvloxv)-L-phenvlalanine 4-ac- 
40 etvlanilide hydrochloride (Compound No. 95) 

To a solution of N-(t-butyloxycarbonyl)-4- 
hydroxy-L-phenylalanine 4-acetylanilide (1.59 g) in 
dimethyl sulfoxide (10 ml) were added potassium 

45 hydroxide (0.25 g) and 4-nrtrobromobenzene (0.81 
g). and the mixture was heated at 80 -90°C and 
stirred for 10 hours. After conventional post-treat- 
ment N-(t-butyloxycarbonyl)-4-<4-nitrophenyloxy)-L- 
phenylalanine 4-acetylanilide (I) (0.62 g) was ob- 

50 tained. The above compound (I) (0.6 g) was al- 
lowed to react with 4N-hydrogen chloride/dioxane 
solution to obtain 4-(4-nitrophenyloxy-L- 
phenylalanine 4-acetylanilide hydrochloride, which 
was further allowed to react with trans-4-(t-butylox- 

55 ycarbonyl)aminomethylcyclohexylcarboxylic acid 
mixed acid anhydride obtained in Example 5 to 
obtain . N-[trans-4-(t-butyloxycarbonyl)- 
aminomethylcyclohexylcarbonyl}-4-(4- 
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nitrophenyloxy)-L-phenyraMntne 4-acetylanilide (II) - 
(0.54 g). The above compound (II) (0.54 g) was 
allowed to react with 4N-hydrogen chloride/dioxane 
solution to obtain N-(trans-4-aminomethylcyclohex- 
ylcarbonyl)-4-(4-nitrophenoxy)-L*phenylalanine 4- 
acetylanilide hydrochloride (0.39 g). 



Example 17 

Synthesis flf N-<4-aminomethvlbenzovlV4- 
benzvloxv-L-ohenvtalanine 4-picolvlamide 
dihvdrochloride (Compound No. 96) 

N-(t-butyloxycarbonyl)-4-benzyloxy-L- 
phenylalanine (I) (2.00 g) was dissolved in dry 
tetrahydrofuran (50 ml) and, under ice-cooling, 
triethylamine (0.8I ml) was added thereto. After 
stirring for 15 minutes, ethyl chlorocarbonate (0.64 
g) was added thereto, followed by stirring for 30 
minutes. To this solution was added 4-picolyiamine 
(0.58 g) and the mixture was stirred at room tem- 
perature for 5 hours. The solid was filtered off and 
the filtrate was . concentrated under reduced pres- 
sure. The residue was extracted with ethyl acetate. 
After a conventional post-treatment N-(t-butylox- 
ycarbonyl)-4-benzyloxy-L-phenylalanine 4- 
picolylamide (II) (1.60 g) was obtained. To the com- 
pound (II) (1.60 g) 4N-hydrogen chloride/dioxane 
solution (15 ml) was added, followed by stirring at 
room temperature for 30 minutes. The precipitated 
substance was collected by filtration and dried to 
quantitatively obtain 4-benzyloxy-L-phenylalanine 
4-picoiylamide dihydrochtoride (III). 

On the other hand, N-4-(t-butyloxycarbonyl)- 
aminomethyi benzoic acid <0.60 g) was dissolved in 
dry tetrahydrofuran (10 ml) and N.N-dimethylfor- 
mamide (5 ml) and, under ice-cooling, triethylamine 
(1.20 ml) was added thereto. After stirring for 15 
minutes, ethyl chlorocarbonate (0.29 g) was added 
thereto, followed by stirring for 30 minutes. To this 
solution was added the above-prepared compound 
(III), followed by stirring for 3 hours at room tem- 
perature. The solid was filtered off and the filtrate 
was concentrated under reduced pressure. The re- 
sidue was extracted with ethyl acetate and, after a 
conventional post-treatment, N-4-(t-butyloxycar- 
bonyl)aminomethylbenzoyl-4-benzyloxy-L- 
phenylalanine 4-picolylamide (IV) (0.45 g) was ob- 
tained. To this compound (IV) (0.45 g) was added 
4N hydrogen chloride/dioxane solution (4.5 ml) and 
the precipitated substance was collected by filtra- 
tion. After drying, N-(4-aminomethylbenzoyl)-4- 
benzyloxy-L-phenylalanine 4-picolylamide 
dihydrochloride (0.39 g) was obtained. 



Svnthesis^ ^ Qf N-(4-aminom thvlbenzovl>-4- 
benzvloxv-L-phenvlalanine $y?lph<j>xyl?mifl9 hydro- 
chloride (Compound No. \\4) 

5 N-(t-butyloxycarbonyl)-4-benzyloxy-L- 

phenylalanine (I) (2.0 g) dissolved in- dry 
tetrahydrofuran (30 mi) and ethyl chlorocarbonate - 
(0.65 g) was added under ice-cooling, followed by 
stirring for 30 minutes. 

70 To this solution was added cychlohexylamine - 

(0.43 g) and the mixture was stirred at room tem- 
perature for 10 hours. After evaporation of the sol- 
vent, the residue was extracted with ethyl acetate, 
washed with water, and dried to obtain 2.3 g of N- 

/5 (t-butyloxycarbonyl)-4-benzyloxy-L-phenylalanin 
cyclohexylamide (II). 

To the above compound (II) (1.0 g) was added 
under ice-cooling 4N-hydrogen chloride/dioxan 
solution (4.5 ml) and the mixture was stirred at 

20 room temperature for 30 minutes. Hexane (30 ml) 
was added to this solution and the precipitated- 
crystalline substance was collected by filtration, 
washed with ether and then dried under reduced 
pressure to quantitatively obtain 4-benzyloxy-L- 

25 phenylalanine cyclohexylamide hydrochloride (III). 
On the other hand, triethylamine (0.6 ml) was ad- 
ded to 4-(t-butyloxycarbonyl)aminomethylbenzoic 
acid (0.62 g) dissolved in dry tetrahydrofuran (30 
ml) and ethyl chlorocarbonate (0.25 g) was added 

30 under ice-cooling, followed by stirring for 30 min- 
utes. To this solution were added the above com- 
pound (III) (0.73 g) and triethylamine (I ml), and the 
mixture was stirred at room temperature for 3 
hours. After evaporation of the solvent, the residue 

35 was extracted with ethyl acetate, washed with water 
and dried to obtain 0.2 g of N-[4-(t-butyloxycar- 
bonyl)aminomethy!benzoyl]-4-benzyloxy-L- 
phenylalanine cyclohexylamide (IV). To the above 
compound (IV) (0.2 g) was added under ice-cooling 

40 4N-hydrogenchloride/dioxane solution (0.5 ml) and 
the mixture was stirred at room temperature for 30 
minutes. Hexane (20 ml) was added to this solution 
and the precipitated crystalline substance was col- 
lected by filtration, washed with ether and then 

45 dried under reduced pressure to obtain 0J g of N- 
(4-aminomethylbenzoyl)-4-benzyloxy-L- 
pheny (alanine cyclohexylamide hydrochloride. 



so Example 19 

Synthesis of N-(trans-4-aminomethvlcvclohexvlcar- 
bonvlM-benzvloxv-L-phenvlalanine 4^ 
trifluoromethvlanilid' hydrochloride (Compound No. 

55 11 



Example 18 
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Triethylamine (I.5 ml) wal^RJed to a solution 
of N-(t-butyloxycartx>nylH-benzyloxy-L- 
phenylalanine (!) (2 g) dissolved in dry 
tetrahydrofuran (30 ml) and ethyl chlorocarbonate - 
(0.65 g) was added under ice-cooling, followed by 
stirring for 30 minutes. To this solution was added 
4-trifluoromethylaniline (0.65 g) and the mixture 
was stirred at room temperature for 10 hours. Post- 
treatment was carried out in the same manner as in 
Example I to obtain I.3 g of N-(t-butyloxycarbonyl)- 
4-benzy loxy-L-pheny lalanine 4- 
trifluoromethylanilide (II). To the above compound - 

(II) (0.5 g) was added under ice-cooling 4N-hy- 
drogen chloride/dioxane solution (3 ml) and the 
mixture was stirred at room temperature for 30 
minutes. Post-treatment conducted in the same 
manner as in Example I gave quantitatively 4- 
benzyloxy-L-phenylalanine 4-trifluoromethylanilide - 

(III) . On the other hand. trans-4-(t-butyloxycar- 
bonyl)aminomethylcyclohexylcarboxylic acid (0.25 
g) and triethylamine (0.2 ml) were added, and 
ethylchlorocarbonate (0.I g) was added under ice- 
cooling, followed by stirring for 30 minutes. To this 
solution were added the above compound (III) (0.42 
g) and triethylamine (I ml), and the mixture was 
stirred at room temperature for 3 hours. After ex- 
traction with chloroform, according to the same 
post-treatment as in Example I, 0.28 g of N-[trans- 
4-(t-butyloxycarbonyl)- 

aminomethylcycIohexylcarbonylJ-4-benzyloxy-L- 
phenylaJanine 4-trifluoromethylanilide (IV) was ob- 
tained. To the above compound (IV) (0.28 g) was 
added 4N-hydrogen chloride/dioxane solution (2 
ml) and, after stirring at room temperature for 30 
minutes, following the same procedure as in Exam- 
ple I, 0.I5 g of N-(trans-4-aminomethylcyclohexyl- 
cartx>nyl)-4-benzyloxy-L-phenylalanine 4- 
trifluoromethylaniiide hydrochloride was obtained. 



Ex2mpj£2£ 

Synthesis oj N-(trans-4-aminomethvlcvclohexvlcar- 
bonvl)-4-(5-nitro-2-pvridvloxv)-L-phenvlalanine 4^ 
retfylanilig-g hyg-rophlorifl? (Qompounfl Ng, 12U 

To a solution of N-(t-butyloxycarbonyl)-4- 
hydroxy-L-phenylalanine 4-acetylanilide (0.57 g) in 
dry dimethylsuifoxide (10 ml) was added oily so- 
dium hydride (0.07 g), followed by stirring at room 
temperature for 30 minutes. Then, 2-chioro-5- 
nitropyridine (0.28 g) was added and stirred at 
room temperature for 10 hours. After a conventional 
post-treatment, N-(t-butyloxycartx3nyl)-4-(5-nitro-2- 
pyridy loxy-L-pheny lalanine 4-acetylanilide (I) (0.70 
g) was obtained. The above compound (I) (0.70 g) 
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was treated wKAPIKl hydrog n chloride/dioxane so- 
lution (15 ml) to obtain 4-(5-nitro-2-pyridytoxy)-L- 
ph nylalanine 4-acetylanilide hydrochloride (II) 
(0.65 g). 

5 On the oth r hand, trans-4-(t-butyloxycarbonyl) 

aminom thylcycloh xylcarboxylic acid (0.37 g) and 
tri thylamine (0.4 ml) were dissolved in dry 
tetrahydrofuran (20 ml) and ethyl chlorocarbonate - 
(0.I6 g) was added under ice-cooling, followed by 

70 stirring for 20 minutes. To this solution was added 
the above compound (II) (0.65 g) and, after neu- 
tralizing with triethylamine, the mixture was stirred 
at room temperature for 12 hours. According to a 
conventional post-treatment N-[trans-4-(t-butylox- 

75 ycarbonyl)aminomethylcyclohexylcanbonyl]-4-(5- 
nitro-2-pyridyloxy)-L-phenylalanine 4-acetylanilide - 
(III) (0.32 g) was obtained. The above compound 
(HI) (0.32 g) was treated with 4N-hydrogen 
chloride/dioxane solution (I ml) to obtain N-(trans-4- 

20 aminomethylcyelohexylcarbonyl)-4-(5-nitro-2- 

pyridyloxy)-L -phenylalanine 4-acetylanilide hydro-- 
chloride (0.2 g). 



25 Example 21 

N-(trans-4-aminomethvlcvclohexvlcarbonvl)-4-(3- 
gyenQfren^lpxyH-ph^nylfllfrning 4-?<?tfyj?nj|iQ'Q 
hydrochloride (Compound No. I22) 

30 

N-(t-butyioxycarbonyl)-4-benzyloxy-L- 
phenyialanine 4-acetyianiiide (1.2 g), palladium 
black (0.15 g) and cyclohexene (8 ml) were added 
into ethanol (40 ml) and the reaction was carried 

35 out under reflux of ethanol for I hour. After cooling, 
the mixture was filtered and a filtrate was con- 
centrated under a reduced pressure to obtain N-(t- 
butyloxycartx)nyl)-4-hydroxy-L-phenylalanine 4-ac- 
etyianilide (I) (0.99 g). The above compound (I) - 

40 (0.99 g) was dissolved in dimethylformamide (30 
ml), added with oily sodium hydride (0.1 g) and the 
mixture was stirred at room temperature for 30 
minutes. A solution of 3-cyanobenzylbromide (0.4 
g) in dimethylfonmamide (5 ml) was added and 

45 allowed to react at room temperature for 6 hours, 
and the reaction mixture was poured into ice-water 
(100 ml) and extracted with ethyl acetate. A conven- 
tional post-treatment was carried out to obtain N-(t- 
butyloxycarbonyl)-4-(3-cyanobenzyloxy)-L- 

50 phenylalanine 4-acetylanilide (II) (1.25 g). The above 
compound (II) (1.25 g) was allowed to react with 4N- 
hydrogen chloride/dioxane (12 ml) to obtain 4-(3- 
cyanobenzyloxy)-L-phenylalanine 4-acetylanilide - 
(«l>. 

55 The abov compound (III) was suspended in 

dim thytfomn amide (10 ml) -tetrahydrofuran (10 ml) 
solution, and triethylamine (0.4 ml) and trans-4-(t- 
butyloxycarbonyl)aminomethylcycl hexylcarboxylic 
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acid mixed acid anhydn^Pfrere added under ice- 
cooling, followed by stirring for 30 minutes. Further, 
the reaction was carried out at room temperature 
for 3 hours. After a conventional post-treatment, N- 
[trans-4-(t-butyloxycarbonyl)- 
aminomethylcyclohexylcarbonyl]-4-(3-. 
cyanobenzyloxy)-L-phenylalanine 4-acety Ian Hide - 
(IV) (I.3I g) was obtained. The above compound - 
(IV) (I.3I g) was allowed to react with 4N-hydrogen 
chloride/dioxane solution (10 ml) for I hour, and the 
crystalline substance precipitated by addition of 
hexane was collected by filtration. The product was 
recrystallized from an ethanol-ether solution to ob- 
tain N-(trans-4-aminomethylcyclohexylcarbonyl)-4- 
(3-cyanobenzyloxy)-L-phenylalanine 4-acetylanilide 
hydrochloride (1.1 g). 



Example <>2 

$ynthesi$ £f N-(trans-4>aminomethvlcvclohexvlcar- 
bonvll-4-nitro-L-phenvlalanine 4-acetvlanilide Jr^ 
drochloride (Compound No. 1301 

N-(t-butyloxycarbonyl)-4-nitro-L-phenylalanine - 
(0.95 g) and triethylamine (0.4 ml) were dissolved 
in dry tetrahydrofuran (15 ml), and ethylchlorocar- 
bonate (0.33 g) was added under ice-cooling to the 
resultant solution, followed by stirring for 20 min- 
utes. 4-acetylaniline (0.6 g) was added to the solu- 
tion and the mixture was further stirred at room 
temperature for 12 hours. According to a conven- 
tional post-treatment, 0.98 g of N-(t-butyIoxycar- 
bonyl)-4-nitro-L-phenylalanine 4-acetylanilide (I) 
was obtained. 

To the above compound (I) (0.37 g) -was added 
4N-hydrogen chloride-dioxane solution (1.5 ml) and 
the mixture was stirred at room temperature for I 
hour. The solid precipitated by addition of ethyl 
ether (10 ml) into this solution was collected by 
filtration to give 0.33 g of 4-nitro-L-phenylaJanine 4- 
acetylanilide hydrochloride (11). Trans-4-(t-butylox- 
ycarbonyl)aminomethylcyclohexylcarboxylic acid - 
(0.2 g) and triethylamine (0.2 ml) were dissolved in 
dry tetrahydrofuran (15 ml) and ethylchlorocar- 
bonate (0.09 g) was added to the solution under 
ice-cooling, followed by stirring for 20 minutes. To 
this solution was added the above compound (II) - 
(0.33 g) and the mixture was stirred at room tem- 
perature for 12 hours. According to a conventional 
post-treatment, 0.29 g of N-[trans-4-(t-butyloxycar- 
bonyl)aminomethylcyclohexylcarbonylH-nitro-L- 
phenylalanine 4-acetylanilide (III) was obtained. The 
above compound (III) (0.29 g) was dissolved in 4N- 
hydrogen chloride/dioxane solution (I ml), the solu- 
tion was stirred at room temperature for I hour and 
then ether (8 ml) was added. Th crystalline sub- 
stance precipitated was collected by filtration and 
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subjected^fc conventional post-treatment, wh re- 
by 0.24 g of N-(trans-4-aminomethylcyclohexy!car- 
bonylM-nitro-L-phenylalanin 4-ac tylanilide hy- 
drochiorid was obtained. 



Example 23 

Synthesis £f N-(trans-4-aminomethvlcvclohaxvlcar« 
bonvl>-4-(3-chloro-6- nitrophenoxvVL-phenvlalanine 
4-pvridvlarnide dihvdrochloride (Compound No. 
137) 



To a solution of N-(t-butyloxycarbonyl)-4~ 

75 hydroxy-L-phenylalanine 4-pyridylamide (5.35 g) in 
dimethyl sulfoxide (100 ml) was added oily sodium 
hydride (0.62 g), followed by stirring at room tem- 
perature for 30 minutes. Thereafter, 2,4-dich- 
loronitrobenzene (2.88 g) was added and stirred at 

20 room temperature for 10 hours. After a conventional 
post-treatment. N-(t-butyloxycarbonyi)-4-(3-chloro- 
6-nitrophenoxy)-L-phenylalanine 4-pyridylamide 
dihydrochloride (6.66 g) was obtained. The abov 
compound (I) (6.50 g) was allowed to react with 

25 4N-hydrogen chloride/dioxane solution (50 ml) to 
obtain 4-(3^chloro-6-nitrophenoxy-L-phenylalani n 
4-pyridylamide dihydrochloride, which was further 
allowed to reiact with trans-4-(t-butyloxycarbonyl)- 
aminomethylcyclohexylcarboxylic acid mixed acid 

30 anhydride obtained in Example 5 to obtain N- 
[trans-4-(t-butyloxycarbonyl)- 
aminomethylcyclohexylcarbonyl}-4-(3-chloro-6- 
nitrophenoxy)-L-phenylalanine 4-pyridylamid (II) - 
(7.16 g). The above compound (II) (7.00 g) was 

35 allowed to react with 4N-hydrogen chloride/dioxan 
solution (150 ml) to obtain N-(trans-4^aminomethyl- 
cyclohexyl<»rbonyl)-4-(3-chloro-6-nitrophenoxy)-L- 
phenylalanine 4-pyridylamide (6.06 g). 



Example 24 



Synthesis gf N-ftrans-4-aminomethvlcvclohexvlcar- 
bonvl>4-(4-picolvloxv>-L-phsnvlalantne 4-pic- 
45 pecolvlamide (Compound No.t651 

N-(t-butyloxycarbonyl)-4-benzyloxy-L- 
phenylalanine (1) (1.86 g) was dissolved in dry 
tetrahydrofuran (30 ml) and, under ice-cooling, 

so triethylamine (0.75 ml) was added thereto. After 
stirring for 10 minutes, ethyl chlorocarbonate (0.56 
g) was added and stirred for 30 minutes. To this 
solution was added a solution of 4-pipecoline (0.55 
g) in dry tetrahydrofuran (5 ml). The ice bath was 

55 removed and the reaction was carried out at room 
temperature for 2 hours. The precipitate was fil- 
tered off and the filtrate" was concentrated under 
reduced pressure. To the residue was added water 
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(50 ml), followed by extractin^mh ethyl acetate. 
After a conventional post-treatment N-(t-butylox- 
ycarbonyl>-4-benzyioxy-L-phenylalanine 4- 
pipecolylamide (II) (I.83 g) was obtained. 

A mixture of the above compound (II) (I.70 g). 
palladium black (0.20 g) v cyclohexene (6 ml), and 
ethanol (50 ml) was reacted under reflux of ethanol. 
After cooling, the solid was filtered off and the 
filtrate was concentrated to obtain N-(t-butyloxycar- 
bonyl)-4-hydroxy-L-phenylalanine 4-pipecolylamide 
(III) (I.36 g). The compound (III) was dissolved, 
without purification, in N,N-dimethylformamide (20 
ml). To this solution was added oily sodium 
hydride (60% content) (0.I6 g), followed by stirring 
at room temperature for 30 minutes. To this solu- 
tion was added a solution of 4-picoiyl chloride (0.50 
g) in N,N-dimethyrformamide (5 ml) and the reac- 
tion was carried out at room temperature for 7 
hours. Ice water was added to the reaction mixture 
and the resultant oily product was extracted with 
ethyl acetate. After a conventional post-treatment, 
N^t-butyloxyc^rbonyl)-4-<4-picolyloxy)-L- 
phenylalanine 4-pipecolylamide (IV) (I.20 g) was 
obtained. From the compound (IV). N-(trans-4- 
aminomethylcyclohexylcarbonyl)-4-(4-picolyloxy)-L- 
phenylalanine-4-pipecolylamide (0.85 g) following 
the procedure of Example 6. 

The phenylalanine derivatives or the salts 
thereof according to the present invention, which 
are an effective component of the proteinase inhibi- 
tor of the present invention, have very potent inhibi- 
tion activities against proteinases such as piasmin, 
kallikrein, trypsin, and urokinase as shown in the 
below-mentioned test results. The piasmin inhibi- 
tion activity is different from the effect exhibited by 
the antiplasmins of the prior art, when contrasted 
with known drugs of the prior art such as tranex- 
amic acid or t-aminocaploic acid which selectively 
inhibits only piasmin among proteinases. For exam- 
ple, some effective ingredients of the proteinase 
inhibitor according to the present invention exhibit 
an inhibition activity against urokinase, which is a 
plasminogen activating enzyme as is well known. 
This means that the inhibition of this enzyme can 
provide preferable hemostatics. On the other hand, 
some of the proteinase inhibitors according to the 
present invention inhibit antikallikrein activity and 
antitrypsin activity. This means that these inhibition 
activities can provide, together with the antiplasmin 
activity, a strong antiinflammatory agent. For exam- 
ple, the Compound No. 3 in Table 3 is known as 
the phenylalanine derivative having the structure 
similar to that of the present invention (see Phar- 
mazie 39, H, I, 68,1984). Furthermore, the Com- 
pound Nos. 4, 5, 6, and 7 are known as 
phenylalanine d rivatives (see Chem. Abst. 77, 
I02225J; SS, 393l2d; and §Q, 92633m). 



In the follow^g, antiplasmin activity, antikal- 
likrein activity, antitrypsin activity, antiurokinase ac- 
tivity and antithrombin activity of the present com- 
pounds are described in detail by ref rring to typi- 

5 cai test examples. 

The measurement methods employed in the 
following test examples are as described below. 
The test results are shown in Table 2 by referring 
to the compound Nos. in the above Table I for the 

to compounds of the present invention, and the test 
results are shown in Table 4 by showing the struc- 
tures of the compounds in Table 3 for the commer- 
cially available antiplasmins as Comparative Exam- 
ples. 

is 

(I) Evaluation gf Antiplasmin Activity 

(i) Determination gi inhibition activity for fibrin de- 

An inhibitor sample is dissolved in a 0.18 M 
borate-physiological salt buffer solution (pH ■ 7.4) 
to make the total volume to 600 ul. To this buffer 

25 solution, 200 ul of a 0.2% bovine fibrinogen, 100 ul 
of a 0.3 casein unit/ml human piasmin solution, and 
100 ul of a 50 unit/ml bovine thrombin solution, all 
dissolved in the above-mentioned buffer, are added 
at a temperature of 37° C in a constant temperature 

30 bath. Then, the dissolution time of the fibrin mass 
formed above is determined. Thus, the concentra- 
tion l*o of the inhibitor sample (i.e., 50% inhibition 
concentration, umol), at which the dissolution time 
obtained in the absence of the inhibitor (i.e., about 

35 5 minutes) is extended twice, is determined. 



(ii) Determination fif inhibition activity for S-2251 
dQCpmpySitign 

AO 

An inhibitor sample is dissolved in a 0.05 M 
Tris-hydrochioric acid buffer solution (pH = 7.4) to 
make the total volume to 400 ul. To this solution, 
50 ul of a 3 mM S-2251 solution is added and the 

45 mixture is incubated at a temperature of 37 °C for 5 
minutes in a constant temperature bath. Then, 50 
ul of a 0.2 casein unit/ml human piasmin is added 
and the mixture is incubated at a temperature of 
37 Q C for 4 minutes. Thereafter, the reaction is 

50 stopped by adding 50 ul of 50% acetic acid. 

The absorbance of p-nitroaniline formed in the 
reaction mixture is determined at 405 nm. Thus, 
the concentration l» (umol) of the inhibitor sample, 
at which the absorbance is one half (i.e., 1/2) of that 

55 obtained in the absence of the inhibitor, is deter- 
mined. 
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(iii) Determination of inhTh activity for fibrinogen 

An inhibitor sample is dissolved in a 0.I8 M 
borate-physiological salt buffer solution (pH = 7.4) 
to make the total volume to 400 ul. To this solution, 
500 ul of a 0.4% bovine fibrinogen solution and (00 
ill of a I casein unit/ml human plasmin solution, all 
dissolved in the above-mentioned buffer are added 
at a temperature of 37°C in a constant temperature 
bath. After the mixture is allowed to stand at a 
temperature of 37°C for 10 minutes, 3800 ul of the 
above-mentioned buffer containing I3.2 mM of 
tranexamic acid and 200 ul of a 50 unit/ml bovine 
thrombin solution are added to terminate the reac- 
tion. The mixture is incubated at a temperature of 
37°C for 15 minutes to form the fibrin. The fibrin 
clot thus formed is adhered to or wound around a 
glass rod and is then washed with water. The 
amount of the remaining fibrinogen is determined 
according to a tyrosine coloring method using a 
phenol reagent (see J. Biol. Chem., 7& 627 (1927)). 
From the amount of the remaining fibrinogen thus 
determined, the amount of decomposed fibrinogen 
is calculated. Thus, the concentration !„ (umol) of 
the inhibitor sample, at which the amount of de- 
composed fibrinogen is one half (i.e., 1/2) of that 
obtained in the absence of the inhibitor sample, is 
determined. 



(2) Evaluation of Antithrombin Activity 

0) Determination of inhibition activity against fibrin 

An inhibitor sample is dissolved in a 0.18 M 
borate-physiological saft buffer solution (pH = 7.4) 
to make the total volume to 500 ul. To this solution, 
400 ul of a 0.2% bovine fibrinogen solution and 100 
ul of a 4 unit/ml bovine thrombin solution are 
added at a temperature of 37° C in a constant 
temperature bath. Thus, a coagulation time is de- 
termined. The inhibitor concentration (umol), at 
which the coagulation time obtained in the absence 
of the inhibitor is extended twice, is determined. 



(ii) Determination of inhibition activity for S-2238 
decomposition 

An inhibitor sample is dissolved in a 0.05 M 
Tris-hydrochloric acid buffer solution (pH = 8.3) to 
make a total volume of 400 ul. To this solution, 50 
ul of a 0.2 mM S-2238 solution is added and the 
mixture is incubated at a temperature of 37° C for 5 
minutes in a constant temperature bath. Then, 50 
ul of a 0.2 unit/ml bovine thrombin solution is 
added ther to and the absorbance, at 405 nm, of 



the p-nitrOTmine form d per minute is determined 
at a temperature of 37° C by using the so-called 
initial velocity m thod. Thus, the concentration l» - 
- (umol) of the inhibitor sample at which the absor- 
5 banco is one half (i.e., 1/2} of that obtained in the 
absence of the inhibitor sample, is determined. 



(3) Evaluation 2i Antitrypsin Activity Determination 
w of inhibition activity against S-2238 decomposition 

An inhibitor sample is dissolved in a 0.05 M 
Tris-imidazole buffer solution (pH = 8.I) and I25 ul 
of a I mM S-2238 solution is added to make the 

75 total volume to I.20 ml. The mixture is incubated at 
a temperature of 37°C for 5 minutes in a constant 
temperature bath. To this mixture, 0.05 ml of bo- 
vine trypsin is added and the absorbance, at 405 
nm, of the p-nitroaniline formed per minute is de- 

20 termined at a temperature of 37°C by the so-called 
initial velocity method.Thus, the concentration !» 
(umol) of the inhibitor sample, at which the absor- 
bance is one half (i.e.. I/2) of that obtained in the 
absence of the inhibitor sample, is determined. 

25 

(4) Evaluation of Anti-Plasma Kallikrein Activity De- 
termination of inhibition activity for S-2302 decom- 

30 

An inhibitor sample is dissolved in a 0.05 M 
Tris-hydrochloric acid buffer solution (pH r 7.8) to 
make the total volume to 4O0 ul. To this solution, 
50 ul of a 2 mM S-2302 solution is added and the 

35 mixture is incubated at a temperature of 37°C for 5 
minutes in a constant temperature bath. Then, 50 
Ul of a 0.I2 unit/ml human plasma kallikrein is 
added and the mixture is incubated at a tempera- 
ture of 37°C for 5 minutes. Thereafter, 50 ul of 

40 50% acetic acid is added to terminate the reaction. 
The absorbance of the p-nitroaniline formed in the 
reaction mixture is measured at 405 nm. Thus, the 
concentration !» (umol) of the inhibitor sample, at 
which the absorbance is one half (i.e., I/2) of that 

45 obtained in the absence of the inhibitor sample, is 
determined. 



(5) Evaluation of Antiurokinase Activity Determina- 
so Hon of inhibiton activity for S-2444 decomposition 

An inhibitor sample is dissolved in a 0.05 M 
Tris-hydrochloric acid buffer solution (pH = 8.8) to 
make the total volume to 400 ul. To this solution, 
55 50 ul of a I mM S-2444 solution is added and the 
mixture is incubated at a temperature of 37 °C for 5 
minutes in a constant temperature bath. Then, 50 
Ul of a 500 unit/ml human urokinase is added and 
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the mixture is incubated at a^Pp>erature of 37°C 
for 5 minutes. Thereafter, 50 ul of 50% acetic acid 
is added to terminate the reaction. The absorbance 
of the p-nitroaniline formed in the reaction mixture 
is measured at 405 nm. Thus, the concentration l M 
(umol) of the inhibitor sample, at which the absor- 
bance is one half (i.e., I/2) of that obtained in the 
absence of the inhibitor sample, is determined. 

When the compounds of the present invention 
are used as a medicine, there are no critical limita- 
tions to the administration methods. The present 
proteinase inhibitor can be formulated by any con- 



70 



ventional methaOTn pharmaceutics. For example, 
the present proteinase inhibitor may be applied in 
any conventional manner including intravenous in- 
jection, intramuscular injection, instillation, and oral 
administration. Although there ar no critical limita- 
tions to the administration dosage, the suitable 
dosage is 100 to 1000 mg/day/person, which can be 
conveniently decreased or increased as desired, as 
a matter of course. 
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Claims 
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I. A phenylalanine derivative having the formula 

(0: 
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where R 1 and R a are, ino^Bndently, hydrogen pro- 
vided that both R 1 and R* are not hydrogen at the 
sam time; 

C-C alky I which may be substituted with hydroxy, 
hydroxycarbonyl. C-C* alkoxycarbonyl, C-C* alky I- 
mercapto, C-C alkoxy, carbamoyl, sulfamoyl, 
pyridyl, or phenyl which may further be substituted 
with nitro, C-C* alkoxy, or halogen; 

C-C cycloalkyl which may be substituted with 
hydroxy, C-C alkoxy, hydroxylcarbonyl, C-C* al- 
koxycarbonyl, or C-C* alkyl; 

phenyl which may be substituted with halogen, 
nitro, trifluoromethyl, C-C alkoxy, C-C alkylmer- 
capto, C-C* alkylcarbonyl, phenyicarbonyl, hydrox- 
ycarbonyl, C-C* alkoxycarbonyl, carbamoyl, sul- 
famoyl, amidino, pyridytcarbonyl, or C-C alkyl 
which may further be substituted with C-C* alkyl- 
carbonyl, hydroxycarbonyl, or C-C* alkoxycar- 
bonyl; 

pyridyl which may be substituted with halogen or 
C-C* alkoxy; 

pyrimidyl; 

N-benzylazacyclohexyl; and 

R 1 and R 2 may form with the nitrogen atom at- 
tached thereto a ring structure as morphoiino; 
thiomorpholino; or piperadyl which may be substi- 
tuted with phenyicarbonyl, benzyl, or C-C* alkyl; 

pyrrolidyl which may be substituted with hydrox- 
ycarbonyl or C-C* alkoxycarbonyl; and 

pyperidine substituted with C-C* alkyl, phenyl C- 



C* alkyl, prWnylcarbonyl, or C-C« alkoxycarbonyl; 

X is hydrog n; nitro; amino; or -OZ wherein 2 is 
hydrogen; C-C* alkyl; C-C* alkenyl; benzyl which 

5 may be substituted with halog n, C-C* alkyl, nitro, 
trifluoromethyl, hydroxycarbonyl, C-C* alkoxycar- 
bonyl, or cyano; phenylcarbonylmethyl, pyridyl- 
methyl; phenyl which may be substituted with nitro 
or halogen; pyridyl or pyrimidyl which may be 

10 substituted with nitro; phenylsulfonyl which may be 
substituted with C-C* alkyl; or benzyloxycarbonyl 
which may be substituted with halogen; 

n is 4 to 10; and 

75 

the mark " indicates that the configuration of the 
carbon may be either one of D-configuration, L- 
configuration and DL-configuration or a pharmaceu- 
tical acceptable salt thereof. 

20 2. A phenylalanine derivative as claimed in 

claim I, wherein the pharmaceutical ly acceptable- 
salt is at least one salt selected from the group 
consisting of hydrochloride, hydrobromide, 
hydroiodide, sulfate, nitrate, phosphate, oxalate, 

25 succinate, glycolate, malate, citrate, lactate, ben- 
zene sulfonate, toluene sulfonate, and methane sul- 
fonate. 

3. A proteinase inhibitor comprising as an es- 
sential component the phenylalanine derivative of 

30 claim I or the pharmaceutical^ acceptable salt 
thereof. 

4. A proteinase inhibitor as claimed in claim 3, 
wherein the pharmaceutical ly acceptable salt is at 
least one salt selected from the group consisting of 

35 hydrochloride, hydrobromide, hydroiodide, sulfate, 
nitrate, phosphate, oxalate, succinate, glycolate, 
malate, citrate, lactate, benzene sulfonate, toluene 
sulfonate, and methane sulfonate. 
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